1 A System And Method For Testing Fluid Flow O A Centerline Fuel Tank O
An Aircraft FIELD OF I NVENTION The invention relates broadly to a system
and nmethod for testing fluid flow of a centerline fuel 5 tank of an
aircraft. In particular, the invention relates to a system and net hod for
testing fluid flow of a centerline fuel tank of a fighter aircraft.
BACKGROUND A fighter aircraft can have a centerline drop tank (CDT)
nounted externally to the aircraft fuselage. 10 The nmin purpose of the
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this, the CDT may al so be nodified and used for snoke generation during an
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one or figw & adfentdithedteltank dfiadighteramaser s, the fuel inside the CDT is
subj ect to conplex novenents. Presently avail able test equi pnent on the

ground is not capable of 20 simulating the fluid novenents fromthe CDT
during BACKEGROUND | i ght maneuvers. Furthernore, presently available test
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one or rmre of the above di sadvant ages. SUMMARY 30 According to a first
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predefi ned i nternal pressure inside the fuel tank; a first structure onto

whi ch tfchingdhe agrabatic displasunt ed, the first structure being operable to
rotate the fuel tank about a first axis; a

When a fighter aircraft performs one or more of the above flight maneuvers, the fuel inside the CDT
is subject to complex movements. Presently available test equipment on the ground is not capable of

20 simulating the fluid movements from the CDT during different flight maneuvers. Furthermore, presently
available test equipment is not capable of simulating the fluid movements from the CDT during
different flight maneuvers when the CDT is intemally modified e.g. to include a smoke generation
system.

25 There is thus a need to provide system and method for testing fluid flow of a centerline drop
tank of an aircraft and, more particularly, a fighter aircraft that seeks to address one or more of

the above disadvantages.

SUMMARY

30  According to a first aspect of the present invention, there is provided a system for testing fluid
flow of a fuel tank of an aircraft, the system comprising: a fuel tank for receiving a predefined
volume of a fluid, the fuel tank having an outlet for outputting the fluid; a pressure generator to
generate a predefined internal pressure inside the fuel tank; a first structure onto which the fuel
tank is mounted, the first structure being operable to rotate the fuel tank about a first axis: a



2 second structure onto which the first structure is nmounted, the second
structure being operable to rotate the fuel tank about a second axis, and
a flow nmeter connected to the outlet of the fuel tank for nmeasuring a flow
rate of the fluid in different positions of the fuel tank. 5 The system may
further conprise: a sunp installed inside the fuel tank, wherein when the
fuel tank is in a normal position: the sunp is operable to accunmul ate a
reserve volume of fuel, and the flow rate nmeasured by the flow neter
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simul ate one or nore aircraft maneuvers conprising a vertical clinb, a
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fluid phélntdbds tedBERGH stri@u@utl et to the flow nmeter and the first fluid
pi pe may be nmounted to the body of the fuel tank. 30 According to a second

aspect of the present invention, there is provided a nethod for testing
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of intersection of the first sfructure and the second structure.

20 The rotation of the first structure about the first axis may be provided by a first motor mounted -
on one side of the second structure. The rotation of the second structure about the second axis
may be provided by a second motor mounted on one side of the first structure.

The first and second motors may be controlled by an operator, wherein a combination of
25 movements of the first and second motors are made to simulate one or mare aircraft maneuvers

. comprising a vertical climb, a diving, a rolling, a banking, a normal and an inverted position.

A first fluid pipe may connect the outlet o the flow meter and the first fluid pipe may be mounted to the
body of the fuel tank.
30 '
According to a second aspect of the present invention, there is provided a method for testing
- fluid flow of a fuel tank of an aircraft, the method comprising the steps of: receiving a predefined
volume of a fluid in the fuel tank, the fuel tank having an outlet for outputting the fluid;
connecting a pressure generator to the fuel tank; mounting a second structure onto the first



structure; operating the pressure generator to generate a predefined
internal pressure inside the fuel tank; rotating the first structure about
a first axis; rotating the second structure about a second axis;
connecting the outlet of the fuel tank to a flow nmeter; and neasuring a
flowrate of the fluid in different positions of the fuel tank. 5 The

met hod nmay further conprise the steps gf: providing a sunp inside the fuel
tank, accunulating a reserve volume of fuel in the sunp and neasuring the
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skil'l in the art fromthe following witten description, by way of exanple
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internal portion of a centreline drop tank of an aircraft with a snoke

generation_s te Fi'gure 6 is a schematic diagramof the centreline drop

t ank ofBRIFg ONOFFHE DPRAWINGSer spective view of a sunp utilised in
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pr @sentwithnNeotawiiyspih@Hidge a transient environnment (roll & pitch), close to

actual aircraft maneuyers, to determne the feasibility of a nechanical
syst em desi igure 14s a_gi q:ylg\f/tof a system for testing fluid flow of a centerline fuel tank of an

aircraft in accordance with an embodiment of the present invention;
Figure 2 is another side view of Figure 1;
Figure 3 is a perspective view of Figure 1;
20 - Figure 4 is flow chart to iflustrate a method for testing fluid flow of a centerline fuel tank
of an aircrait in accordance with an embodiment of the present invention;
Figure 5 is a perspective view of an internal portion of a centreline drop tank of an
aircraft with a smoke generation system;
Figure 6 is a schematic diagram of the centreline drop tank of Figure 5;
25 Figure 7 is a perspective view of a sump utilised in the centreline drop tank of Figure 5;
Figure 8 is a cut-away perspective view of the sump of Figure 7; and
Figure 9 is another cut-away perspective view of the sump of Figure 7.

DETAILED DESCRIPTION

30 Embodiments of the present invention provide a transient environment (roll & pitch), close to actual
aircraft maneuvers, to determine the feasibility of a mechanical system design in an aircratt.

Embodiments of the present invention provide a two-axis jig for ground testing the fluid flow rate
in a CDT of an aircraft while performing various flight maneuvers.



Enbodi ments of the present invention provide a two-axis jig for ground
testing the fluid flowrate in a CDT of an aircraft while performng
various flight maneuvers. 4 Enbodi nents of the present invention provide a
two-axis jig for determning, on the ground, the fluid flowrate as well
as the continuity of fluid flowin a CDT of an aircraft, while performng
various flight maneuvers. 5 Enbodi menyds of the present invention provide a
tmo-ang for ﬁround testing the feasibility of a conceptual design of
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jig for rfornln tests associated with 10 a conceptual desi gn of any
fluid JVQE e installed on an aircraft, where flow and continuity is
to be deternlned under various sinul ated flight maneuvers. Figure lis a
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support Structure 105 and vertical support structure 101. The CDT 103 is
co-axially nounted onto the centre of a horizontal support structure 105.
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support structure 101 and the horizontal support structure 105. The
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t he CDT 103 to a flow neter 109 for visuaIIy nonitoring the fluid flow
romthe, f er 109 30 .te tes
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The di ﬂmakoréaic‘aupbort structure 105 can be a solid rectangular frame. A first motor 115 mounted on
20 - one side of the vertical support structure 101 is operable to move the horizontal support structure 105
in clockwise and anti-clockwise directions, about a first axis i.e. in a direction 121, the first axis being
located at a point of intersection of the vertical support structure 101 and the horizontal support
structure 105. The horizontal support structure 105 and vertical support structure 101 can be made of
a material, such as mild steel. It is understood that other materials may be used.
25
The CDT 103 may receive a fluid (e.g. water) through a bleed air inlet 620 (refer to Figure 6).
Alternately, a separate opening (not shown) may be conveniently provided on the CDT 103 for filling
the CDT 103 with the fluid. A first fluid pipe 107 connects an output from the CDT 103 fo a flow meter
109 for visually monitoring the fluid flow rate of the system 100. The output from the flow meter 109
30 = terminates with a second fluid pipe 111. The second fluid pipe can be a flexible hose. The distal end of
the second fluid pipe 111 has an opening for exhausting the fluid. The two output fluid pipes 107 and
111, and the flow meter 109, are attached to the outer casing of the CDT 103. A shut-off valve (not

shown) is installed adjacent to the flow meter for enabling the operator to manually open or close the
fluid flow of the system 100.



the second fluid pipe 111 has an opening for exhausting the fluid. The two
output fluid pipes 107 and 111, and the flow neter 109, are attached to
the outer casing of the CDT 103. A shut-off valve (not shown) is installed
adj acent to the flow neter for enabling the operator to nanually open or
close the fluid flow of the system100. 5 Figure 2 is another side view
of Figure 1, in a direction perpendicufar to Figure 1. A second notor 203
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CDT 103 is pressurized using e.g. a pressure generator (not shown)
generate a predefined pressure. A pressure gauge (not shomn) may be
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completed. The operator can then simulate different aircraft maneuvers by confrolling the two motors

115, 203. The pressurized water from the CDT 103 is expelled out through the first fluid pipe 107.

‘For each of the maneuvers, the operator can visually see the flow rate and the flow continuity from

the readings on the meter 109 as well as from the quantity of water flowing out through the second

25  fluid pipe 111,

Figure 3 is a perspective view of Figure 1, shown without the fluid pipes 107, 111 and the flow
meter 109. As indicated, the system 100 can be mounted on a pedestal 301.

30  Figure 4 is a flow chart to illustrate a method, designated generally as reference numeral 400,
for testing fluid flow of a centerline fuel tank of an aircraft in accordance with an embodiment of

- the present invention. The method comprises the steps of: receiving a predefined volume of a
fluid in the fuel tank, as shown by the reference numeral 401, the fuel tank having an outlet for
outputting the fluid; connecting a pressure generator to the fuel tank, as shown by the reference



meter 109. As indicated, the system 100 can be nounted on a pedestal 301.

30 Figure 4 is a flowchart to illustrate a nethod, designated generally as
ref erence nuneral 400, for testing fluid flow of a centerline fuel tank of
an aircraft in accordance wth an enbodi nent of the present invention. The
met hod conprises the steps of: receiving a predefined volune of a fluid in
the fuel tank, as shown by the referenge nuneral 401, the fuel tank having
an outl et for uttl e fluid; connecting a pressure%enerator to the
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The sy éif fueldarlehl7al so be used for testing fluid flow rates associ ated
with a snoke generation systemincorporated inside the CDT 103 of an

aircraft, whil e@erform ng various flight maneuvers. The follow ng
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i nvent iiggorpofdted menthe COM®3desdibkadBkoveCDT) 500 is shown without its outer
casing 602 (refer to Figure 6). Munted to the inner circunference of the
outer casing 602 are four solid ring-like supports 503, 20 505, 507, 509.
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505, 507, 509 are elliptical in shape. The CDT 500 is mounted below the fuselage of an aircraft

such that the edge closer to the ring-like support 503 faces the nose of the aircraft, while the

edge closer to the ring-like support 509 faces the tail of the aircraft.

25  The ring-like supports 503, 509 are mounted at the two edges of the mid section of the
centerline drop tank 500, while the ring-like supports 505, 507 are axially mounted in between
the tank supports 503, 509. A cylindrical support 527 is centrally mounted to the ionger diameter
of the ring-like supports 505, 507.

30 An elongate and hollow sump 501 having a rectangular cross section is mounted to the inner
edges of the ring-like supports 503, 509 by a pair of brackets 511, at the bottom of the CDT 500.

The sump 501 is operable to trap a volume of fuel from the CDT 500 for use during inverted

flight maneuvers. The height of the sump 501 is substantially smalier than its length such that

- the upper surface of the sump 501 is substantially below the cylindrical supports 527. It is




the tank supports 503, 509. A cylindrical support 527 is centrally nounted
to the I onger dianeter of the ring-like supports 505, 507. 30 An el ongate
and hol | ow sunp 501 having a rectangul ar cross section is nounted to the
inner edges of the ring-1like supports 503, 509 by a pair of brackets 511,
at the bottomof the CDT 500. The sunp 501 is operable to trap a vol une of
fuel fromthe CDT 500 for use during ifverted flight maneuvers. The hei ght
of the s 501 i,s, substantially smaller than its length such that the
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t he CDBubtank 983 has slots 709 (refer to Figure 7), whereby the sump 501 is in fluid communication

20 with the sub-tank 523. The flapper valve 515 is operable to enable fuel entry when the CDT 500
‘is in the normal position.

An interconnect 525 connects sub-tank 523 and the fuel pump 517. A top surface 535 of the
interconnect 525 is mounted to the outer casing 602 (refer to Figure 6) of the CDT 500. A

25  bottom surface 545 of the interconnect 525 has a flapper valve 607 (refer to Figure 6). The
flapper valve 607 closes when the CDT 500 is in the normal position.

A fuel pump 517 is mounted on a bracket 531, which is attached to the ring-fike support 509 and
: the bracket 511. The fuel pump 517 receives power through a tube 529 aftached to the inner
30  cylindrical supports 527. An inlet 620-supplies bleed air into the CDT 500. The fuel pump 517 is
ooperable to increase the fluid pressure inside the CDT 500. The increased pressure inside the
CDT 500 helps to increase the fuel flow rate, which, in turn, increases the smoke quality.




25 bottom surface 545 of the interconnect 525 has a fl apper val ve 607
(refer to Figure 6). The flapper valve 607 closes when the CDT 500 is in
the normal position. A fuel punp 517 is nounted on a bracket 531, which is
attached to the ring-1like support 509 and the bracket 511. The fuel punp
517 receives power through a tube 529 attached to the inner 30 cylindrical
supports 527. An inlet 620 supplies blged air into the CDT 500. The fuel

le to increase the fluid pressure inside the CDT 500. The
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allows continuous fuel flow even when the fuel level in the CDT 500 is

bel ow t he openi ng 603 of the sunp 501.
During non-inverted maneuvers, the fuel pump 517 creates a high. pressure within the

20 interconnect 525 resulting in the closure of the flapper valve 607. This allows continuous fuel
flow even when the fuel level in the CDT 500 is below the opening 603 of the sump 501.

During inverted flight maneuvers, the flapper valves 513 and 515 are closed, thus trapping a
predetermined volume of fuel within the sump 501. At this position, the fuel pump 517 runs dry

25  (i.e. it does not create any pressure within the first fluid pipe 519) and bleed air pressurization
inside the CDT | pushes the trapped diesel within the sump 501, through the flapper valve 607
to the interconnect 525, which results in smoke generation.

Figure 7 is a perspective view of a sump 501 utilised in the centreline drop tank 500 of an
30  aircraft in accordance with an embodiment of the present invention.

The sump 501 is an elongate and hollow structure. In this embodiment, the height of the sump

501 is substantially smaller than its length. The sump 501 has a rectangular cross section. The



During inverted flight maneuvers, the flapper valves 513 and 515 are
closed, thus trapping a predetermned volune of fuel within the sunp 501.
At this position, the fuel punp 517 runs dry 25 (i.e. it does not create
any pressure within the first fluid pipe 519) and bl eed air pressurization
inside the CDT | pushes the trapped diesel within the sunp 501, through the
fl apper valve 607 to the interconnect 9525, which results in snoke
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501. A
surface of the sub-tank 523 is parallel to the front surface 750 of the sump 501, while the rear

20 -surface of the sub-tank 523 is flush with the rear surface 710 of the sump 501. A flapper valve
515 is mounted to the top surface 760 of the sub-tank 523, while the bottom surface 605 of the

sub-tank 523 has a plurality of rectangular slots 709 for restricting fluid flow toffrom the sub-tank
523.

25 In order to ensure continuity in the fluid flow when an aircraft is in transition from inverted flight
to normal flight, the sub-tank 523 also has two partitions 711 that are parallel to each other.
Each of the partitions is perpendicular to a rear surface 720 of the sub-tank 523. A flapper valve
717 is mounted to each of the partitions 711 (refer to Figure 8) for restricting fluid flow within the
sub-tank 523.

30
The sump 501 and the sub-tank 523 may be made of a material, such as aluminium. It is
understood that other material may also be used.



515 is mounted to the top surface 760 of the sub-tank 523, while the bottom
surface 605 of the sub-tank 523 has a plurality of rectangular slots 709
for restricting fluid flowto/fromthe sub-tank 523. 25 In order to ensure
continuity in the fluid flow when an aircraft is in transition from
inverted flight to normal flight, the sub-tank 523 also has two partitions
711 that are paraIIeI to each other. Hach of the partitions is
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to be inhayist matie vetharesent inverstioniastshean in the specific embodiments without departing
from the spirit or scope of the invention as broadly described. The present embodiments are,

therefore, to be considered in all respects to be illustrative and not restrictive.
20

25

30




20 25 30 11 CLAIMS 1. A systemfor testing fluid flow of a fuel tank of
an aircraft, the systemconprising: a fuel tank for receiving a predefined
volune of a fluid, the fuel tank having an outlet for outputting the
fluid; 5 a pressure generator to generate a predefined internal pressure
inside the fuel tank; a first structure onto which the fuel tank is
mounted, the first structure being operiable to rotate the fuel tank about
a first ; a second structure onto which the first structure is nounted,
t he setaﬂghgiructure being operable to rotate the fuel tank about a second

axis; and 10 systdrovornastiag fgio Aow et aeudl ke afuidrak, tRd syshen Eb&ﬁ#ménﬁg? kf f Olr
t he ue

rreasurlngaf e of .the n diff nt positions o

tank. 2. Th& é‘?wﬁaﬁf D CEVHISA Rreldteﬂ?etdlhé’i'“r%ﬂ% ﬁ'é‘ii-ntgf? ugl @pkhaying eaIouBel Phsi de
t he fuejutmmlmgthmﬁlmdel n 15 when the fuel tank is in a normal position: the
su i s oper reserve val une of d the flowrate
meglsgured By ?gfl{ré’%&?e?%ﬁg}'to%rﬁ?rga %Hﬁgeﬁ%dtﬂtgmfaf WW?"E? E‘S@E%%{é‘gﬁﬁ@f from

t he fuel tanfirstsirusture solbtwhidh thbmqmtaarﬁ:ssmmugtedeﬁhaﬁ"ml shyctilecaingesadtie to

generatrgfa'teﬁgq%é@%{%atbp d 6l ad@nk is in an inverted position: 20 the flow

rate neasure w et ef corresponds to the flow rate of the
accunul at ed af%i@lonfﬂ FiovRterR@ntoumipctatnedirstedyttureos ibberded, dhe squoed strudtamtbiedny. 3.

The Sy SpBFILR toGbiatdhé i tafk ABBRAdBohdiifiuply tank [s co-axial |y mounted to
the first structure systemof claiml1l or 2, wherein the first

strifct ure i € Tavumeten cernecied ta theomiilet efithe fuslitaak for measuring a flow rate of the fluid
in different positions of the fuel tank.

2. The system of claim 1, further comprising:
a sump installed inside the fuel tank, wherein
15 - when the fuel tank is in a normal position:

“the sump is operable to accumulate a reserve volume of fuel, and the flow rate
measured by the flow meter corresponds to the flow rate of the fuel from the fue!
tank as a result of the pressure generated by the pressure generator; and

when the fuel tank is in an inverted position:
20 - the flow rate measured by the flow meter corresponds to the flow rate of the

accumulated fuel from the sump as a result of bleed air pressurization.

3. The 'system of -claim 1 or 2, wherein the fuel tank is co-axially mounted to the first
structure.

25
4. The system of claim 1 or 2, wherein the first structure is mounted to the second
structure.

5. The system of any one of the preceding claims, wherein the flow meter is mounted on
30  the outer casing of the fuel tank.

6. The system of any one of the preceding claims, wherein the second axis is orthogonal to
the first axis.




5. The system of any one of the preceding clains, wherein the flow neter is
nmounted on 30 the outer casing of the fuel tank. 6. The system of any one
of the preceding clains, wherein the second axis is orthogonal to the
first axis. 12 7. The system of any one of the preceding clains, wherein
the second axis is located at a point of intersection of the first
structure and the second structure 8.12The system of any one of the
precedrpg cl.ai s, mhe{ein rotation of the first structure 5 about the
first axis ﬂ?‘ psryﬁi?i‘ij%oarwns 4 ithesprereting Clabis wbarelnthe seceldrxiois legrtedsacond
st r uct ymoint ointeFheetisly sf taanfit sturyureR@d #e sdendseadbnNg cl ai s, wherein the
rotation of the second structure about the second axis is provided by a
second notor nounted on one side of the first structure. 10 10. The system

of cl ain 8 dkhe%ysiatresfaing ohbef fhierstcaiind (Sﬁm@ndhdféihctﬂiéroﬁti%nﬁﬁﬂ{erfﬁéﬂs‘ﬂdctbbé an

operkat el : ' n f movenents o frr second
not grsoegbpgﬁfﬂngg\é@tﬁ %E'isg;?rﬁvdﬁ%{@ QﬁFeé %ro tonﬂi'oé'n? CRF ! ‘i%ﬁiﬁﬂi‘ 'Sing a
vertical clinb, a diving, arolling, a 15 banking, a nornal and an

i nvert POSiHel Q3 y st rec in ai s
mhererﬁﬁa ffﬁéﬁ %fimggngéﬁﬁggkggfﬁe ol S Whge”{ g ﬁW%ﬁﬁh?ﬁeﬁﬁE
first fsltrisip%irﬂ)?%t thﬁﬁ@pe s isnrovidery by a Semndfmetbr thanited Bﬁ ob2 sida afdttenfost f or

t esti ngtdbtiied fl ow of a fuel tank of an aircraft, the nmethod conprising the
steps of: receiving a predefined volunme of a flurd in the fuel tank, the
fudfP tank having an outlet for outputting the fluid; connecting a pressure

gener atior t qhehgysfenelof LRMGS 025, WREREH e firéieanii%l:?rida%to%nér‘é @nlrbiled

by a
structure; anting a second structure onto the first Structure; operating
the pr&BE@H% Wénerator to generate a predefined internal pressure inside

the fuel tawierein a combination of movements of the first and second motors are made to
simulate one or more aircraft maneuvers comprising a vertical climb, a diving, a rolling, a
15  banking, a normal and an inverted position.

11. The system of any one of the preceding claims, wherein a first fluid pipe connects the outlet to
the flow meter, the first fluid pipe mounted to the body of the fuel tank. -

20 2. A method for testing fluid flow of a fuel tank of an aircraft, the method comprising the
steps of:

- receiving a predefined volume of a fluid in the fuel tank, the fuel tank having an outlet for
outputting the fluid;
connecting a pressure generator to the fuel tank;
25 mounting the fuel tank onto a first structure;
' mounting a second structure onto the first structure;

operating the pressure generator to generate a predefined internal pressure inside the
fuel tank;

rotating the first structure about a first axis;
30 _ rotating the second structure about a second axis;
“connecting the outlet of the fuel tank to a flow meter; and

measuring a flow rate of the fluid in different positions of the fuel tank.




rotating the first structure about a first axis; 30 rotating the second
structure about a second axis; connecting the outlet of the fuel tank to a
flow nmeter; and nmeasuring a flowrate of the fluid in different positions
of the fuel tank. 13 13. The nmethod of claim 12, further conprising the
steps of: providing a sunp inside the fuel tank, accunmulating a reserve

vol unme of fuel in the sunp and neasurirg the flowrate of the fuel from

the fue {%ta\rl\lﬁ@ result of the pressure generated by the pressure 5
gener at gt ‘éd‘Pfd%q'mt@nfé’”ih?‘FWFH'SH@rth%Fte%@fFt| on; and neasuring the

flow rate of thep&ﬁmﬁmyéaumﬁ|m#wﬁﬂﬁruanghhe sunp as a result of bleed air

pressuri zation, when the fuel tank P p inverted position. 10 15 20
25 30 35 40 &lgc:umulat[ng a reserve volume of fuel in the sump and measuring the flow rate

of the fuel from the fuel tank as a result of the pressure generated by the pressure
5 : generator, when the fuel tank is in a normal position; and
measuring the flow rate of the accumulated fuel from the sump as a result of
bleed air pressurization, when the fuel tank is in an inverted position.
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